defect that affects growing bones.3 Local and general disorders acting together result in a hip joint that is structurally inadequate for the loads that have to be borne, leading to a stress fracture.
The purpose of this review is firstly, to summarise what is known about the underlying growth pattern; and secondly, to present a synthesis of knowledge as a theory of aetiology.
General growth pattern BONE AGING AT THE HAND AND WRIST
Skeletal immaturity at the hand and wrist of children with Perthes' disease is now accepted as part of the clinical picture. Most workers have performed cross sectional studies comparing their data with the Greulich and Pyle standards. Recently, the application of the Tanner-Whitehouse (TW2) system has shown not only bone age delay but also dysharmony with the carpal, more retarded than the radius, ulna, and short bone age. 4 In a longitudinal study, Harrison Figure Diagram to show the underlyinggeneral growth pattern in children with Perthes' disease.6 Thegeneral growth pattern may be due to manganese deficiency in deprived groups ofthe population. 28 The local growth pattern at the hips involves femoral anteversion asymmetry with the more antevertedfemur being affected by the disease. '6 found in the unaffected as well as the affected leg in children within two months of diagnosis and in girls as well as boys.
Recent work in Liverpool finds that children in families where Perthes' disease occurs have retarded growth of the trunk, with reduced sitting height and biacromial diameter. Among those who develop the disease there is also retarded limb growth, most evident as unusually small feet. 7 The association of this limb growth pattern with Perthes' disease begs the question of whether it occurs in genetically predisposed individuals or indicates mechanisms involved in disease development.
HORMONES
The peak incidence of Perthes' disease at 4-5 years of age13 occurs during the quiescent hormonal period.10
The bone age retardation in Perthes' disease is similar to that found in hypothyroidism, but in Perthes' disease there is no evidence of thyroid dysfunction.'" The serum growth hormone response to insulin induced hypoglycaemia is significantly reduced in affected prepubertal boys compared with a control group of short boys. 1 24 The general growth pattern of Perthes' disease was at first considered to result from an abnormality of the mechanisms that control differential growth rates in the various regions of the body-determined by environmental factors with or without additional genetic factors acting during embryonic life.6
In the growth plate of each normal bone there may be a time tally that controls body proportions with age. 10 Abnormalities of this time tally system in children with Perthes' disease could account for their pattern of skeletal shape distortion. The hypothesis of a time tally in growing bones needs experimental evaluation in animals using recombinant grafts. The problem is part of the wider concept of homeotic genes, which control regional development in the body now being studied experimentally in insects. Manganese deficiency results in skeletal and postural defects in many species of animals. Shortening of limb bones relative to the trunk occurs in manganese deficient rats; this has been attributed to abnormal cartilage and bone matrix formation particularly of chondroitin sulphate.29 30 The importance of such experimental findings for normal human development is unknown. Preliminary research, however, predicated on the underlying growth pattern,6 indicates that children with Perthes' disease may be manganese deficient.28
Unifying theory of aetiology LOCAL DYSHARMONY BETWEEN CARTILAGE AND BONE Current evidence is consistent with the view that at the time of diagnosis of Perthes' disease there is dysharmony between cartilage and bone in at least two regions of the skeleton: (a) at the wrist, in which existing bones grow slowly and some cartilage models have delayed onset of ossification; and (b) at the hip, where thickened epiphyseal cartilage3' may precede necrosis of the ossific nucleus.32 The thickened cartilage and enlargement of the femoral head in Perthes' disease is generally attributed to epiphyseal growth being sustained by synovial fluid in the presence of an ischaemic ossific nucleus. '3 33 group.bmj.com on June 18, 2017 -Published by http://adc.bmj.com/ Downloaded from Perthes' disease: growth and aetiology 1411
In this connection, transient synovitis of the hip does not seem to be linked causally to Perthes' disease.16 33 34 The finding of skeletal dysharmony, particularly in the carpus at the time of diagnosis, implies the presence of a latent (incubation) period before the disease is expressed clinically. 5 20 The fact that Perthes' disease almost never recurs shows that the conditions that cause the disease are present at only one phase in the child's development. 35 The earlier development of bilateral disease and its association with severe carpal delay suggests that a systemic blood borne factor contributes to the changes in both the hips and the wrist.5
What such a systemic factor(s) might be is unknown. It could be an essential substance in limited supply (hormone, nutrient, metabolite) or a deleterious agent.20 28 The evidence suggests the hypothesis that during the quiescent hormonal periodl0 a blood borne factor (possibly involving manganese28 is essential for the production of a cartilage that will ossify.
SELECTION TO MORBIDITY
The simplest explanation (Occam's razor) for the underlying growth pattern is that normal young children with anomalous extremes of femoral anteversion asymmetry from all social classes are at risk of developing Perthes' disease: but only those with a disturbance in a systemic, blood borne factor develop the disease.
BLOOD BORNE FACTOR
According to this view of aetiology, a blood borne factor is responsible for the bone age delay at the wrist and the short foot-both of which are affected because of their acromelic development status.5 25 To account for disease at the hip, a sequence of mechanical and blood borne factors acting during the latent period is needed, such as:
( The ultimate aim is prevention. As a bonus, aetiological mechanisms unveiled for Perthes' disease may provide a paradigm for some of the other osteochondroses of youth.
